Thyroid glands from 64 bulls with hyperplastic and/or neoplastic changes in ultimobranchial remnants and in the parafollicular (C) cell system were studied structurally and with immunohistochemical methods. Antibodies against thyroglobulin, calcitonin, somatostatin, and neurotensin were used to detect these substances. Two different types of changes were observed.
Morphology of the ultimobranchial body and its lesions in cattle is primarily derived from a comprehensive study in the 1950s by Jubb and McEntee.I3 They showed that ultimobranchial tumors occurred in bulls but not in cows. Interest in these tumors was renewed during the late sixties and early seventies when medullary thyroid carcinoma in man was recognized as a pure parafollicular (C) cell derivative2' that was embryologically related to the ultimobranchial body. 22 It was thought that bull tumors were closely related to human medullary carcinoma.I6 This view was supported by the discovery of a syndrome in bulls in which the thyroid neoplasm was associated with pheochromocytoma,2~4~28 and which was thought to correspond to the medullary thyroid carcinoma-pheochromocytoma syndrome, i.e., multiple endocrine neoplasia, type 2A, in man.
It is well established that certain neurohormonal peptides are characteristic secretory products of the parafollicular cells and their tumors in man and in various other mammals. These include, among others, calcitonin7 and s o m a t o~t a t i n ,~~,~~,~~ as well as neuro-, the latter has, however, only been reported in medullary carcinomas, but not in the normal parafollicular cells. Thyroglobulin, on the other hand, appears to be a specific marker of the follicular cell and its tumors.'.' ' We have studied a series of bull thyroid glands with hyperplastic and neoplastic changes in the ultimobranchial remnants and in the parafollicular cell system structurally as well as with immunohistochemical methods, using antibodies against the aforementioned hormones. Our findings suggest that the nature of these lesions and their relationship to human medullary carcinoma are more complex than previously believed. tensin 19.21.31. 95 
Materials and Methods
The material is derived from an autopsy series of 1 101 bulls of Swedish red and white breed (SRB) and Swedish Friesian breed (SLB) which had been used as semen donors and had been slaughtered for various reasons. All thyroid glands were removed, fixed in 10% formalin, sent to the National Veterinary Institute and examined for gross and/or histologic abnormalities of the ultimobranchial remnants and/or the parafollicular (C) cell system. Sixty-four bulls (5.8%) were selected for further study and will form the basis of this report. Bulls in the study group ranged from one to 15 years of age (mean age, eight years). The previously reported association of thyroid tumors with osteopetrosis,'6 which was the main purpose for collecting this material, will be the subject of a special report.
Paraffin-embedded abnormal and unaffected thyroid tissue was available in all cases. Six-pm sections were stained with hematoxylin and eosin (HE) and according to van Gieson. Grimelius' silver nitrate procedure" was used on sections that had been refixed in Bouin's solution for three hours, to evaluate the presence of argyrophilic cells. Masson-Harnperlz4 technique was used to demonstrate argentaffin material, and the alkaline Congo red method23 was applied for amyloid. Parafin sections were also used for the immunohistochemical demonstration of material that reacted with antibodies against thyroglobulin, calcitonin, somatostatin, and neurotensin. Sections were deparaffinized, hydrated by passage through a series of ethanols, and rinsed overnight in 0.1 M phosphate buffer, pH 7.2. The indirect immunofluorescence method6 and the peroxidase-antiperoxidase techinqueZ6 were used. Sections were incubated overnight at 4°C with the following antisera: rabbit-antihuman thyroglobulin serum (DAKOPATTS A/S, Copenhagen, Denmark, batch 042) at dilutions of 1500 for immunofluorescence and 1 :2,000 for peroxidase-antiperoxidase technique; rabbit-antihuman calcitonin serum from two different sources, one (I. MacIntyre, Endocrine Unit, Royal Postgraduate Medical School, London, England, batch AS 292/5) at dilutions of 1 5 0 for immunofluorescence and 1:200 for peroxidase-antiperoxidase technique, and the other (ImmunoNuclear Corp., Stillwater, Minn., USA, batch 43 14 1) at a dilution of 1 : 100 for peroxidase-antiperoxidase technique; rabbit-antiovine calcitonin serum (L. Deftos, La Jolla, Calif., USA) at a dilution of 1.5 for immunofluorescence (only used on a limited number of cases); rabbit-antibovine somatostatin (1-14) serum (J. F. Rehfeld, Rigshospitalet, Copenhagen, Denmark, batch R37/3) at a dilution of 1;1,000 for peroxidase-antiperoxidase technique, and rabbit-antibovine neurotensin serum (MILAB, Malmo, Sweden, batch R-33 1202.2) at a dilution of 15,000 for peroxidase-antiperoxidase technique.
Sections from the following tissues were used as positive controls: normal human and bovine thyroid tissue (for thyroglobulin); non-tumorous thyroid tissue from human glands with familial medullary carcinomas that contained hyperplastic foci of C-cells as well as normal C-cells in bovine thyroid tissue (for calcitonin); normal human pancreatic tissue (for somatostatin); and normal human lower ileum (for neurotensin). Negative controls were done by incubating sections with antiserum which had been inactivated by excess amounts of the homologous hormone and by incubating other sections with nonimmune rabbit serum instead of the specific antiserum.
Results

Light microscopy
Two distinct changes were observed. One type consisted of microscopic nodules and/or gross tumors with a solid structure mixed with follicular and/or cribriform or tubular histologic patterns which were reminiscent of the structure of the ultimobranchial bodies and their tumors. The other type of change was a diffuse or multifocal proliferation of cells that belonged to the parafollicular (C) cell system in other parts of the thyroid gland, sometimes with a gradual development of ill-defined sclerotic tumors that consisted of parafollicular (C) cells only. Tumors were found in 58 bulls. Ultimobranchial hyperplastic nodules and/or gross tumors were observed in 54 bulls; eight of these bulls had both. In 52 of the 54 bulls with ultimobranchial lesions, hyperplasia of the parafollicular (C) cell system in other parts of the thyroid gland was also found, and seven of these bulls also had tumorous lesions in this system.
Four of the 58 bulls with tumors had sclerotic parafollicular (C) cell tumors but no ultimobranchial lesions; the tumors in three of these four bulls were also associated with a diffuse or multifocal hyperplasia of the parafollicular (C) cell system. In six bulls, no tumors were found but parafollicular cell hyperplasia was present. The two types of changes will be described separately.
The ultimobranchial structures occurred singly, or as multiple clustered microscopic nodules (figs. 1,2). They were often well circumscribed and usually were separated from the thyroid tissue and were found near the surface of the gland or in connective tissue septa which penetrated deep into the gland. Some were found embedded within the thyroid parenchyma close to neighboring thyroid follicles. The nests contained follicles of various sizes (figs. 1, 2). Some were indistinguishable from normal thyroid follicles and sometimes were in direct contact with each other with no intervening stroma-these follicles sometimes formed cribriform structures. Other follicles were lined by cylindric cells which were taller than normal follicular cells and contained more elongated and chromatin-dense nuclei.
Some nests also had larger cystic structures or tubules lined by cylindric or even flat, sometimes multi-layered, epithelium; these were devoid of colloid, and either appeared empty or contained exfoliated cells and detritus ( fig. 1 ). The solid component of the ultimobranchial structures consisted of clusters of basophilic cells with scanty cytoplasm intermingled with light polyhedric cells with abundant clear or finely granulated cytoplasm and nuclei with sparse, diffusely dispersed chromatin and small distinct nucleoli. Light cells were also found within the walls of the follicles, tubules, and cysts where they sometimes formed crescent-like, papillary and nodular proliferations ( fig. 3) . Light cells were argyrophilic and were interpreted as the differentiated parafollicular (C) cell component of the ultimobranchial structures. Proportions of the two cell types varied considerably; occasionally the light cytoplasm-rich cells formed the major part of the lesion ( fig. 3) . Stroma was usually sparse and sometimes hyalinized.
Some ultimobranchial nodules were surrounded by a thin fibrous capsule; others were unencapsulated and occasionally blended with the neighboring normal thyroid follicles. There was no clear distinction between hyperplastic and neoplastic changes of the ultimobranchial structures. As the nests increased in size, the solid component increased more than the follicular, tubular and cystic structures; gross tumors usually contained very few of these structures, some were almost solid In the tumors the follicular pattern was often broken down and replaced by cribriform structures, although occasional single thyroid follicles still persisted within the solid masses of cells. Furthermore, the alveolar arrangement of the cells in the solid part was also deranged in the tumors and at least partially replaced by a trabecular growth pattern. Likewise, the cells in the tumors were less uniform than those of the hyperplastic ultimobranchial foci, and the distinction between basophilic and light cells was less apparent. Tumor cells were often more or less spindle-shaped ( fig.  4 ) and arranged in streaks and whorls; they sometimes even mimicked a sarcoma. Palisading of the cells (arranged at right angles to the stromal septa) was also observed frequently.
Some of the larger tumors had degenerative changes with hyalinization and even calcification, and they were occasionally surrounded by very thick hyalinized and partially calcified capsules. One tumor had small deposits of hyalin eosinophilic material which was stained with alkaline Congo red; the remaining tumors were completely devoid of amyloid. No argentafin cells were found within the ultimobranchial structures or their tumors.
Changes in the parafollicular (C) cell system in other parts of the thyroid glands consisted of a diffuse or multifocal increase of the number of these cells ( fig. 5 ).
( fig. 4) .
They were similar in appearance to the light cells observed within the ultimobranchial structures, and like these, were easily identified by their argyrophilic properties.
All stages were seen, from small inter-and intrafollicular groups of a few light cells to larger nests or trabeculae of such cells embedded in an increased amount of hyalinized, sclerotic stroma which had destroyed the normal thyroid follicles ( fig. 6 ). Crescents or minute nodules of proliferating light cells were also seen in the walls of residual normal follicles within these lesions ( fig. 5) .
In some lesions of this type the light cytoplasm-rich cells appeared vacuolated with frayed cytoplasm and small dense nuclei and gave the nests a loose reticular appearance. Lesions were often multifocal and were distributed throughout the thyroid lobes. Like the proliferative changes in the ultimobranchial structures, the changes in the parafollicular (C) cell system formed a continuum ranging from benign hyperplasia to clearly neoplastic lesions. In contrast to the ultimobranchial lesions, however, these foci consisted of parafollicular cells only. They contained no amyloid nor argentaffin cells.
Immunohistochemistr y
Thyroglobulin immunoreactive material was demonstrated in the microscopic ultimobranchial nests as well as in the ultimobranchial tumors ( fig. 7 ). It was found in most cells that lined thyroidal follicles within these structures, and frequently also in the colloid of these follicles. In addition, occasional thyroglobulin immunoreactive cells were found among cells that lined ultimobranchial tubules and cysts. Similarly, cells within the solid component of the ultimobranchial nests and tumors revealed thyroglobulin immunoreactivity, but most cells were unreactive with thyroglobulin antibodies. Thyroglobulin immunoreactivity in the solid component was more extensive in those tumors with a marked cribriform histologic pattern.
Calcitonin immunoreactivity was demonstrated in a few cells within the walls of the ultimobranchial tubules and cysts, and also in thyroidal follicles present within the nests. No reaction was found in the colloid or the detritus in these structures, but occasional cells lying free within this material had a positive immunoreaction. Calcitonin immunoreactive cells were also found in various numbers in the solid parts of the ultimobranchial nests, although most cells were usually not reactive ( fig. 8) .
Similar results were obtained with all three anti- calcitonin sera used. Calcitonin immunoreactive cells were similar in distribution to the argyrophilic cells and they corresponded to these cells and to the light cytoplasm-rich cells observed in the hematoxylin and eosinstained sections. Cells with somatostatin immunoreactive material were also demonstrated within the ultimobranchial lesions. Immunoreaction for this peptide was generally weaker and more variable than that for calcitonin; there were fewer somatostatin immunoreactive cells than calitonin immunoreactive cells, but their distribution was similar-suggesting that they belonged to the same cell population as the light parafollicular cells. No neurotensin immunoreactivity was observed within the ultimobranchial lesions.
In sections from those thyroid glands with diffuse and/or multifocal hyperplasia and tumors of the parafollicular (C) cell system in other parts of the thyroid gland, numerous cells were observed that reacted with antibodies against calcitonin ( fig. 9 ) and somatostatin ( fig. lo ), but not with the antibodies against neurotensin. Neurohormonal immunoreactive cells and the argyrophilic cells, as well as the light cells seen in the hematoxylin and eosin-stained sections, had a similar distribution and localization and thus appeared identical. This was, however, difficult to prove unequivocally, even in consecutive sections. Extra-and intrafollicular cells within the sclerotic parafollicular cell tvmors invariably revealed specific immunoreaction for calcitonin ( fig. 1 I) , and sometimes, also for somatostatin. The reaction was weaker than that seen in parafollicular cells in non-tumorous areas. Thyroglobulin immunoreactivity was observed in follicular cells and colloid of thyroid follicles which had remained wihin the sclerotic lesions ( fig. 12 ). No thyroglobulin immunoreactivity was found in the parafollicular (C) cell population of the lesions.
Sections from tissues used as positive controls all had specific immunostaining with the appropriate antisera. No specific reaction was observed in sections incubated with antisera that had been inactivated by their homologous antigens or in sections incubated with non-immune rabbit serum instead of the specific antiserum. In cases where both the immunofluorescence method and the peroxidase-antiperoxidase method were used, comparable results were obtained with both methods.
Discussion
Ultimobranchial tumors of the bull generally have been believed to represent the counterpart to human medullary thyroid carcinoma.2s This view may be ques-tioned because of certain structural and functional differences between the two. Classic medullary carcinoma in man is composed exclusively of parafollicular (C) cells, has a solid histologic structure, and usually an amyloid stroma, although the last feature is not always present." Bull ultimobranchial tumors have a more complex structure; in addition to the solid component they also form follicular, cribriform, tubular and/or cystic structures in various proportions, and stromal amyloid is less frequently seen. Certain functional differences have also become apparent. The content of calcitonin in ultimobranchial tumors was found to be lower than that generally found in human medullary car~inoma,~' and it was even lower than that of the non-tumorous parenchyma of the bull thyroid glands, and of thyroid parenchyma of glands from control bulls with no thyroid tumors. Bull ultimobranchial tumors increase in size and number with age, but serum calcitonin levels decrease with age.' This is in sharp contrast to serum calcitonin levels in man which increase with the size of the tumor and generally, also with the age of the patients" (Ljungberg, unpublished observation) .
Changes observed in the bull thyroid glands and reported here appear to be of two different types. One change concerns the ultimobranchial remnants and results in proliferation of all their constituents. These include ultimobranchial follicle-like structures, cysts, and tubules, as well as solid nests formed by basophilic immature cells which were functionally undifferentiated. They were devoid of both thyroglobulin and neurohormonal immunoreactivity. In addition, differentiated follicular cells formed thyroidal follicles and cribriform structures that contained thyroglobulin immunoreactive material. Sometimes there was also a proliferation of differentiated light, cytoplasm-rich cells within the ultimobranchial lesions with argyrophilic cytoplasmic granules and neurohormonal immunoreactivity but no evidence of thyroglobulin production. The relative increase in the number of immature cells in the ultimobranchial tumors is compatible with the reported low concentration of calcitonin in these tumors. This is also consistent with the ultrastructural findings reported by others3' These authors showed that ultimobranchial tumors in bulls contained a rather heterogeneous tumor cell population that was primarily formed by undifferentiated cells with few or no endocrine secretory granules. The cells resembled primitive cells of the type described in the normal ultimobranchial bodies in other mammalian species including Cells of this type have been interpreted as ultimobranchial stem cells and were claimed to be 9 I 1 Fig. 9 : Parafollicular (C) cell hyperplasia. Parafollicular cells show marked immunoreaction with antiserum against ovine calcitonin. Indirect immunofluorescence technique. Bar = 50 pm. Fig. 10 : Cells from hyperplastic parafollicular cell system display somatostatin immunoreactivity of various intensities. Unlike calcitonin immunoreactive cells (see fig. 9 ), somatostatin immunoreactive cells lying in follicular walls occasionally bulge into lumina of follicles and are in direct contact with colloid (arrows). Peroxidase-antiperoxidase technique with antiserum against bovine somatostatin (1-14). Bar = 100 pm. The other change concerns the parafollicular (C) cells that are diffusely distributed within the thyroid parenchyma. It results in diffuse or multifocal hyperplasia of these cells with a gradual transition towards formation of rather ill-defined sclerotic foci-including some residual normal thyroid follicles. It sometimes progresses to neoplastic lesions with solid histologic structures, devoid of ultimobranchial traits. The proliferating cells in these lesions are immunoreactive for neurohormonal peptides but not for thyroglobulin. They correspond morphologically to changes seen in the parafollicular (C) cell system of man with familial medullary carcinoma,'. and they also correspond to those changes that may occur in patients with longstanding hypercalcemia.20
Recently, an intermediate thyroid neoplasm has been defined in man, with morphologic and immunohistochemical traits of both follicular and medullary carcinoma. 18. 19.21 Similarities between this tumor and the ultimobranchial tumors in bulls suggest that this intermediate thyroid tumor rather than the medullary thyroid carcinoma is the human equivalent to the bull ultimobranchial tumor. A comparative study of these two tumors will be forthcoming. N.J.Y.; MACINTYRE, I.: A calcitonin-secreting medullary thyroid carcinoma. Lancet 2:63-66, 1968
